Infection of Samsun NN tobacco with tobacco mosaic virus (TMV) was found to induce the synthesis of mRNA encoding a basic protein with a 67 X araino add sequence homoiogy to the known addle pathogenesisrelated (PR) proteins la, lb and lc. By Southern blot hybridization it was shown that the tobacco genome contains at least eight genes for acidic PR-1 proteins and a similar number of genes encoding the basic homologues. Clones corresponding to three of the genes for acidic PR-1 proteins were isolated from a genomic library of Samsun NN tobacco. The nucleotide sequence of these genes and their flanking sequences were determined. One clone was found to correspond to the PR-la gene; the two other clones do not correspond to known THV-1nduced PR-1 mRNA's and may represent silent genes. Compared to the PR-la gene, these genes contain an Insertion or deletion 1n the putative promoter region and mutations affecting the PR-1 reading frame.
INTRODUCTION
In response to Infection by pathogens which produce local necrotic lesions, many plant species are known to accumulate pathogenesis-related (PR) proteins (1). These proteins have been studied 1n much detail because their synthesis 1s closely associated with the mechanism of Induced resistance, I.e. the phenomenon that after a hypersensitive response the plant becomes resistant to further Infection with the same or an unrelated pathogen (2) To further Investigate the structure and function of these PR proteins, we have cloned DNA copies of six classes of THV-Induced raRNA's of Sarasun NN tobacco, which were designated "cluster A to F" (9). Cluster B was found to correspond to the PR-1 proteins; a characterization of a full-length cDNA clone of PR-lb mRNA and Incomplete cDNA clones of PR-la and -lc mRNA's has been described (10) . Cluster E encodes a PR protein which Is homologous to the sweet-tasting protein thaumatin (11) , and which has a ami no add composition similar to that of PR-R (12). Recently, clusters D and F were found to correspond to addle and basic tobacco chitinases, respectively, the acidic chitinases being Identical to PR proteins P and Q (8). As chttinases are potent inhibitors of fungal growth (13) these PR proteins may be Involved 1n the ant1-fungal response Induced by TMV-1nfect1on. Little is known yet about the function of the proteins corresponding to clusters A and C. The mRNA's corresponding to clusters B and C are strongly Induced by spraying tobacco plants with a solution of 5 mM salicylic acid. This treatment Inhibits virus multiplication by a specific block of viral RNA synthesis without causing a detectable Inhibition of host metabolism (14) . Possibly, the proteins corresponding to clusters B and C are Involved in the TMV-Induced antiviral response.
In the present study we report that the genome of Samsun NN tobacco contains at least eight genes corresponding to acidic PR-1 proteins. Three of these genes were cloned and sequenced. In addition, 1t was found that the tobacco genome contains another family of genes encoding basic proteins with extensive sequence homology to the acidic PR-1 proteins.
MATERIALS AND HETHOOS cDNA's
The cDNA clones used 1n this study have been described earlier (9,10). Construction and screening of a tobacco genome library Nuclear DNA isolated from young tobacco leaves (Nicotiana tabacum cv Samsun NN) according to Fischer (24) . Southern blot analysis of nuclear tobacco DNA Nuclear DNA (10 mg) was digested with Ej&RI or Hindlll. electrophoresed on 1 X agarose gels, and transferred onto Gene-screen plus (New England Nuclear); subsequently, the blot was hybridized with 32 P-labeled cDNA (25) . In reconstruction experiments amounts of recombinant phage DNA corresponding to one PR-1 gene copy 1n the nuclear DNA preparation was electrophoresed as well. The one kb DNA ladder (BRL) was used as molecular weight markers. The labeling of cDNA was done by n1ck-translat1on (19) . A comparison of PR-lb and the G-protein shows that many acidic and neutral residues 1n PR-lb are replaced by neutral and basic residues, respectively, 1n the G-prote1n. Table 1 lists the anino add composition of PR-la, -lb, the G-protein and pl4, a PR-1 type protein Induced by TMV- 
RESULTS

Characterization
DISCUSSION
In the present study we have shown that the genome of Samsun NN tobacco contains a minimum of eight genes encoding addle PR-1 proteins and a possibly similar number of genes encoding basic equivalents of these proteins. Probably, only three of the genes for the acidic proteins and at least one gene for a basic protein 1s expressed after TMVInfection. Nicotiana tabaccun cv Samsun NN Is amph1d1p1o1d, containing 2n chromosomes from Nicotiana svlvestris and 2n chromosomes from Nicotiana tontentosiforwis. It may well be that one part of the cluster B and G genes Is derived from one parent, the other part being derived from the other parent. Genetic studies with Samsun NN tobacco and Its parents have shown that the genes for the addle proteins PR-la and -lc originate from N. Svlvestris. whereas the PR-lb gene 1s derived from N. toroentosiformis (31) . As the Isolation of PR proteins from tobacco has been directed towards the purification of acidic proteins and these proteins were mainly analyzed 1n alkaline non-denaturing gels (4, 32) , the basic counterparts of the known PR-1 proteins probably have escaped detection so far. As the addle tobacco PR-1 proteins are serologically related to the basic pl4 protein from tomato (33) , ant1 sera to these PR-1 proteins can probably be used to detect the basic PR-1 like proteins in tobacco.
Recently, the -25 kd PR proteins P and Q corresponding to cluster D and the -34 kd proteins corresponding to cluster F were found to be acidic and basic chitinases, respectively, sharing a 65 X ami no add sequence homology (8) . The physiological meaning of the occurrence of addle and basic forms of these hydrolytic enzymes with putative ant1 fungal activity is not yet known. The finding that also the acidic PR-1 proteins have basic counterparts may suggest that these proteins have an enzymatic function too, despite the observation that these are not Isozymes of 25 different enzymes known to Increase in activity following TMV Infection (1).
PR proteins have been detected 1n at least 16 plant species and serologically related PR-1 type proteins are produced in both nonocotyledonous and dicotyledonous plants Including maize, barley, Gomphrena giobosa. Chenopodium amaranticolor. tobacco, tomato and potato (34) . In most of these plants the PR-1 type proteins were detectable only after Infection with pathogens or treatment with salicylic acid. These data Indicate that the PR-1 genes are highly conserved 1n the plant kingdom and are Induced 1n a similar way 1n a wide range of plants. The cloning and sequencing of PR-1 genes reported In this study sheds light on the structure of these genes and permits an analysis of the regulatory elements involved 1n their induction. The Identification of possible nuclear proteins binding to these regulatory sequences may provide further Insight In the sequence of events that results 1n the expression of these genes. To whom correspondence should be addressed + Present address: MOGEN International B.V., Einsteinweg 97, 2333 CB Leiden, The Netherlands
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